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Introduction
Recent research has shown that the productive structure of a country determines its level of economic growth, future path of economic diversification, and income inequality (Hidalgo et al., 2007; Saviotti & Frenken, 2008; Hidalgo & Hausmann, 2009; Hausmann et al., 2014; Cristelli et al., 2015; Hartmann et al., 2017; Gala, P., Camargo, J., & Freitas., 2017 , Gala et al., 2017 Pinheiro et al., 2018a) . Countries that export a varied set of complex products-such as cars or medical equipment-tend to have a significantly lower level of income inequality and a higher level of GDP per capita than countries that depend on few resource-exploiting products-such as soybeans, copper or crude petroleum (Hausmann et al., 2014; Hartmann et al., 2017) . Paraguay is an example of a developing country that is strongly dependent of low value-added, mainly agro-based, products (González et al., 2018 ). Paraguay's main exports include products, such as soybeans (24% of the total exports), bovine meat (13% of the exports), and oilcakes (12% of the exports).
Moreover, due to the Itaipu Dam's hydroelectric power plant, a significant share of Paraguay's export portfolio consists in electric current (24% of the exports). In contrast, among its main imports feature more complex manufacturing and chemical goods, such as cars (4.4% of its imports), TVs and radio transmitters (3.9%), or miscellaneous fertilizers (3.4%) (see Figure 1 ). The discrepancy between simple exports and complex imports reveals Paraguay's lack of technological sophistication and productive capabilities, and constrains Paraguay's ability to generate and distribute income. Consequently, Paraguay has a relatively low GDP per capita of 8.100 USD (Feenstra et al., 2015) , and a high GINI income inequality coefficient of 45.53 (Solt, 2016) in 2014. (see Table 1 ). Additionally, estimations indicate that around 39.6% of the GDP and more than 50% of the employment of Paraguay belong to the informal sector in 2015 (Vargas, 2015; Pro Desarrollo, 2016) . In order to achieve a higher GDP per cápita, create jobs in the formal economy, and reduce poverty and inequality, Paraguay needs to diversify its economy into more sophisticated products. Yet, one first step is being aware that diversification would be good for the economy. Another step is being able to identify the precise industries into which a country could and should move. This article introduces an analytical framework to identify feasible and desirable product options, and applies this framework to the case of Paraguay.
It must be noted that since the seminal contributions of development pioneers-such as Rosenstein-Rodan (1943) , Raul Prebisch (1949) and Hans Singer (1950) , -many theoretical and empirical contributions have shown that countries need to diversify and sophisticate their productive structure to achieve higher levels of economic development (Hirschman 1958; Furtado 1959; Fajnzylber, 1990; Passinetti, 1981 Passinetti, , 1983 Saviotti, 1996; Weitzman, 1998; Imbs & Wacziarg, 2003; Saviotti & Pyka, 2004; Frenken & Boschma, 2007; Hidalgo et al., 2007; Saviotti and Frenken, 2008; Felipe, 2009; Hausmann & Hidalgo, 2009; Hartmann & Pyka, 2013; Hausmann et al., 2014; Constantine, 2017; Pinheiro et al., 2018a) .
Without a diversified and sophisticated productive structure, it is hard for a country to achieve a high standard of living and create sophisticated and well-paid jobs (Hartmann, 2014; Hartmann et al., 2017; Gala et al., 2017) . Income from natural resources or commodities may temporarily enable a country to generate or distribute income, but such a country is vulnerable to price fluctuations and external shocks. Moreover, its long-term economic development prospect is limited due to its lack of building blocks of knowledge in facilitating recombinant growth processes (Hartmann, 2014; Hausmann et al., 2014; Hidalgo, 2015) . Consequently, many policy-makers, especially in developing and emerging economies, aim to promote economic diversification and sophistication of their economy.
The related question whether states or markets should be the key agents of structural transformations and economic development has been a hotly debated topic in science, politics, industry and the civil society. In the recent decades, a consensus has been emerging: a middle ground between emphasis on market forces and smart government intervention may be necessary to overcome both market and government failures (Rodrik, 2004) . Incentives should be provided to facilitate self-discovery processes and the rise of new activities, such as technologies or products that are new to the domestic economy (Hausmann & Rodrik, 2003 , Hartmann, 2014 . However, there should also be clear criteria for success and failure, as well as a built-in-sunset clause for the support of these new activities if they fail and do not become competitive (Rodrik, 2004) .
Nonetheless this general understanding of the need for economic diversification and smart industrial policies is still insufficient for decision-and policymakers to actually identify the precise economic activities they should support. Fortunately, recent methods from network science and economic complexity research help to identify the most feasible new products for each country (Hidalgo et al., 2007; Hausmann et al., 2014) . Moreover, these methods allow for an association of products to their expected level of income, complexity and inequality (Hidalgo & Hausmann, 2009; Hartmann et al., 2017; Hidalgo and Hartmann, 2017) . In this article, we build upon these new empirical methods to identify which products are feasible and desirable for the case of Paraguay.
The remainder of this article is structured as follows. Section 2 reviews the recent literature on path-dependent economic transformations, economic complexity, and inclusive growth.
Section 3 presents the data and methods. Section 4 analyzes the productive structure of Paraguay between 1970 and 2014, and identifies the feasibility and desirability of different new products. Moreover, four different diversification strategies are discussed: (1) a strategy that focuses on the diversification into the most related products; (2) a strategy that focuses on products that already have intermediate comparative advantages; (3) a strategy that puts emphasis on the diversification into related, complex, and high-income products; or (4) a strategy that puts minimum standards in all desirability and feasibility criteria, and thus additionally includes also considerations on the inequality and export size of related industries.
Section 5 discusses the results and provides concluding remarks. In sum, our results indicate that despite Paraguay's strong dependence on agro-based activities, it has opportunities to further diversify their economy towards chemical products (such as medicaments, glycosides and vaccines) as well as to manufacturing products related to agricultural activities (such as machines for harvesting or food-processing).
Literature review on economic diversification and inclusive growth
In this section, we review the literature on (1) economic growth, productive structures, and income inequality, (2) the path-dependency of structural transformations, and (3) methods of identifying feasible and desirable opportunities for economic diversification.
Economic growth, productive structures, and income inequality
Decades ago, Simon Kuznets (1955) proposed an inverted-u-shaped relationship describing the connection between a country's level of income and its level of income inequality. Kuznets' curve suggested that income inequality would first rise and then fall as country's income moves from low to high levels. Yet the inverted-u-shaped relationship fails to hold when several Latin American countries are removed from the sample. Indeed, the upward side of the Kuznets curve has vanished in recent decades, as inequality in low-income countries increased (Deininger and Squire, 1998; Palma, 2011) . Moreover, several East-Asian economies have grown from low to middle income while reducing their income inequality (Stiglitz, 1996) . These findings undermine the empirical robustness of Kuznets' curve and indicate that GDP per capita is an insufficient measure of economic development in terms of its ability to explain variations in income inequality (Kuznets, 1934; Kuznets, 1973; Leontief, 1951; Stiglitz, Sen & Fitoussi, 2009 ).
Recent studies have argued that income inequality and level of social welfare depends not only on a country's rate or stage of aggregated economic growth, but also on its type of growth, institutions and economic structure (Engerman & Sokoloff; 1997; Fields; 2002; Bourguignon, 2004; Ravallion, 2004; Sachs, 2005; Beinhocker, 2006; Collier 2007; Stiglitz, Sen & Fitoussi, 2009; Acemoglu & Robinson, 2012; Hartmann, 2014; Constantine & Khemraj, 2017; Hartmann et al., 2017) . Hence, we should expect more nuanced measures of economic development, such as those focused on the types of products a country exports, to provide deeper insights on the connection between economic development and income inequality, beyond the limitations of aggregate measures of output, such as GDP (Engerman & Sokoloff, 1997; Hartmann et al., 2017; Hidalgo and Hartmann, 2017) . One such measure is the Economic Complexity Index (ECI) which is a measure of knowledge intensity of an economy that is expressed in the type of products it makes (Hidalgo and Hausmann, 2009; Hausmann et al., 2014; Hidalgo, 2015) . A country is considered complex if it exports not only a large number of different products but also highly complex products. Countries like Saudi Arabia, Chile, Paraguay, and Ghana rely heavily on a very limited number of simple and resource exploiting products, such as crude petroleum, copper, soybeans or cocoa beans, and therefore have a low ECI. Conversely, countries such as Japan, South Korea, and Germany export a high number of very complex products, such as microchips, medicaments, and sophisticated car parts, and therefore their ECI is very high. Table 1 shows that Paraguay ranks 89 out of 103 countries with respect to its level of economic complexity. It must be noted that not only Paraguay, but most countries of Latin America and the Caribbean (LAC) are significantly behind the most diversified and sophisticated economies like Japan, Switzerland or Germany. 1 Paraguay ranks 1 The only outlier is Mexico, which ranks significantly higher than most LAC countries. However, this ranking position needs to be taken with reservations, since more than 70% of Mexico's exports are sent to the United States, suggesting that the apparent complexity of Mexico's economy is inflated due to its relationship with the U.S. Otherwise, we would expect a country with that level of productive sophistication to export to a larger number of destinations. Furthermore, in the case of Panama, the economic complexity index might be slightly overestimated as Panama has an important commercial free zone whose flows are usually mixed with the domestic ones (Ramos Martinez et al., 2015) . Several empirical studies have shown that countries exporting more sophisticated products tend to have higher levels of GDP and future economic growth prospects (Hausmann & Rodrik, 2003; Lall et al., 2006; Hausmann et al., 2006; Rodrik, 2006; Hidalgo & Hausmann, 2009; Felipe et al., 2012; Tacchela et al., 2012; Cristelli et al., 2013; Hausmann et al., 2014; Cristelli et al., 2015; Hidalgo, 2015) . Moreover, Hartmann et al. (2017) showed that economic complexity is a significant, and negative predictor of income inequality on the country level.
ECI RANKING AND ADDITIONAL COMPARATOR VARIABLES
Virtually all economies that have a diversified and sophisticated productive structure tend to have comparatively low levels of income inequality, whereas all economies that are strongly dependent on simple products tend to have high levels of income inequality.
Not surprisingly, Paraguay, as most other Latin American economies, exhibits a high level of income inequality and low level of economic complexity, whereas most European economies and many Asian economies such as Hong Kong, Singapore, and South Korea have significantly lower low levels of income inequality and higher levels of economic complexity. Hartmann et al., (2016) argue that while social policy programs had a positive impact on the reduction of income inequality in Latin America during the early 2000s, most Latin American economies continued to be dependent on simple and resource exploiting products. Consequently, once the commodity boom was over, several Latin American countries suffered from the recent global economic crisis while simultaneously developing an institutional crisis. Conversely, during the last decades, many Asian economies have successfully combined social and economic policies, diversifying into more complex products and promoting inclusive growth (Wade, 1990 , Stiglitz, 1996 .
But why do complex economies have lower levels of income inequality? Scholars from different disciplines have argued that income inequality depends on a variety of factors, from an economy's factor endowments, geography, and institutions, to its historical trajectories, changes in technology, and returns on capital (Engerman & Sokoloff; 1997; Fields, 2001; Beinhocker, 2006; Collier 2007; Davis, 2009; Acemoglu & Robinson, 2012; Brynjolfsson & Afee, 2012; Stiglitz, 2013; Autor, 2014; Piketty, 2017) . Hartmann et al. ( , 2017 argue that a likely explanation for the association between economic complexity and income inequality is that productive structures represent a high-resolution expression of a number of these factors, from institutions to education, which co-evolve with the mix of products that a country exports and with the inclusiveness of its economy. Because of this co-evolution, productive structures are not only associated with income and economic growth, but also with how income is distributed. For example, post-colonial economies that have specialized in a narrow set of resource-exploiting products tend to have more unequal distributions of political power, human capital, and wealth (Engerman & Sokoloff; 1997) . Conversely, sophisticated products, like medical imaging devices or electronic components, are typically produced in diversified economies that require more inclusive institutions. Moreover, complex economies require a large network of skilled workers which have better remuneration and more bargaining power.
Finally, diversified economies tend to be associated with a better distribution of political power (and lower levels of rent-seeking and political capture of economic benefits) than economies that are dependent on few resource-exploiting products. But how can we reveal the precise structural constraints and opportunities for economic diversification and inclusive growth of each country?
The path-dependency of structural transformations
Mounting evidence in economic geography and complexity research has shown that the structure of economic production and knowledge relatedness substantially determines an economy's future path of technological, industrial and occupational diversification (Hidalgo et al., 2007; Frenken & Boschma, 2007; Neffke et al., 2011 Neffke et al., , 2013 Petralia et al., 2017; Balland et al., 2017; Pinheiro et al., 2018 . It has been shown that countries, regions and companies tend to move into related activities, i.e. activities that require similar knowledge and productive capabilities (ibid.). Conversely, it is hard to develop and enter into new activities that are unrelated with the current product portfolio Hidalgo et al., 2007 , Zhu et al., 2017 Pinheiro et al., 2018 . For instance, an economy that currently produces cotton will probably find it much easier to diversify into the production of textiles than into the productions of cars or robots. Moreover, complex industries typically require a larger number of related activities to make them viable. The production of industrial robots may, for instance, require a large pool of companies supplying specialized inputs and services, as well as industrial consumers from which the producer of the robots can learn about needs and options of improving their products (Lundvall et al., 1988; Bezerra, 2013) . The supply of specialized inputs and innovative consumers can partially be fulfilled by international partners, yet, the existence of related industries in the particular region or country is also an essential element in building up the technological and productive capabilities needed to become competitive in complex industries. This implies that each country or region faces unique development constraints and opportunities which are determined by its current productive structure.
But how can these constraints and opportunities be identified? New methods from complexity research have helped to reveal the region-specific constraints and predict the economic diversification opportunities of each region. In this regard, the product space was a seminal contribution to reveal the relatedness between products and to predict path-dependent economic transformations (Hidalgo et al., 2007) . The product space is a network that relates products according to their relatedness in terms of knowledge necessary to successfully coexport them (see Figure 2 ). The product space takes into account that each product requires a specific set of capabilities that may either be similar or different to the capabilities needed in the production process of other products. The distance between products in the product space reveals that the closer a product is to another product, the more likely both of these products require a similar set of capabilities. Hence, closer products are more related, while farther away products in the product space are unrelated. New products can be more easily developed in a region when they are close to the products already being produced. This is because these products tend to require similar knowledge, technology, and skills that are already present in a given region. In contrast, products that are further away in the product space require the region to develop a network of new productive capabilities, institutions, education, infrastructure, and so forth, that are necessary to produce these products in a competitive manner. The product space captures the difficulty for simple economies (i.e. producing mainly simple agricultural or resource-based products) to move into more complex products in the center of the product space. Countries focusing on products in the periphery may face a development trap consisting in the large distance to more complex and connected products. But is it possible to move from agricultural products into unrelated complex products? Turkey is an example of a country that was able to transform its economy from primarily exporting simple agricultural products towards an economy with a significant share of more complex industries (Hartmann, 2016; Pyka et al., 2016) . In the 1960s, Turkey mainly exported cotton, tobacco, and nuts. But then it started diversifying its productive structure and by 1990 it was already exporting a varied set of textile products. Finally, based on the advantages in the textile industry, Turkey further diversified and today it is exporting a varied set of manufactured goods such as cars, trucks and vehicle parts. Foreign companies and technologies, back-and-forth migration between Turkey and Germany, the rise of the Anatolian Tigers, and deliberate emphasis on the establishment of cutting-edge universities and research centers were significant factors in this transformation (Hartmann & Buchmann, 2016; Pyka et al., 2016) .
Argentina, on the other hand, is an example of an agro-based economy that has been less successful in transforming their economy towards more complex products. In the 1960s, Argentina mainly exported bovine meat, wheat, and maize. Then it managed to diversify into manufacturing industries, such as cars and vehicle parts. But then, the rate of diversification stagnated again and today, Argentina continues to being highly dependent on primary goods and agro-based manufactures.
Arguably, in the recent two centuries, virtually no economy has achieved a high standard of living, high levels of human development, and low levels of income inequality based solely on agricultural businesses. The rise of the bio-economy and emphasis on green growth certainly offers new opportunities for countries such as Paraguay which have a strong agricultural sector.
Still, the diversification towards more complex manufactured products is a crucial challenge to being able to generate and distribute more income. This leads us to the next question: how can we identify new industries that are both feasible and desirable according to the current productive structure of a country?
Methods to identify feasible and desirable opportunities for economic diversification
Over the last decades, different approaches have been developed to identify and promote economic diversification opportunities. A significant part of the literature on economic growth and industrial policies in developing economies, has focused on the question whether state intervention or market forces are more appropriate to promote the economic diversification and sophistication processes. Here, we focus instead on the methods that allow for the identification of the feasibility and desirability of different industrial products in different countries.
In this regard, Lin and Monga (2011) suggested that developing countries should learn from dynamic growing countries that have a similar endowment structure, but whose income per capita is about 100% higher than their own. Then, these developing countries should identify the tradable industries that have exhibited strong growth in those countries for the last 20 years, as the potential targets of industries for upgrading or diversification. This also connects to the focus by Hausmann et al. (2006) and Rodrik (2006) that countries should move towards products that are typically produced in countries with higher income levels.
More recent analysis using methods from network analysis argue that not only income, but also the knowledge relatedness and the complexity of the products should be a crucial information for the identification of growth opportunities of countries (Hidalgo & Hausmann, 2009; Hausmann et al., 2014) . Countries should aim at moving into the most complex industries which are close to their current productive capabilities. The purpose of this strategy is to step by step improving the level of economic complexity and open up opportunities to further diversify into more complex parts of the product space. This also relates to previous work highlighting the need to move into more knowledge-based and technology intensive products for long-run economic development (Lall, 2000; Lall et al., 2006) .
Finally, Hartmann et al. (2017) introduced a measure called the Product Gini Index (PGI) that links products to the average level of income inequality of the countries exporting them. The PGIs helps to identify the structural constraints of income inequality related to different productive portfolios Hartmann et al., 2019) , and to identify productive sectors that are likely to reduce a country's income inequality.
In this article, we combine several desirability and feasibility criteria discussed in the literature.
This includes as feasibility criteria the existence of nascent or intermediate revealed comparative advantages in products (Balassa, 1965) , as well as the relatedness of the productive structure to potential new products (Hidalgo et al., 2007) . As desirability criteria, we consider the different estimated characteristics of products, such as income (Hausmann et al., 2006 , Lin & Monga, 2011 , the technology content and complexity of products (Lall et al., 2006; Hidalgo & Hausmann, 2009 ) and the level of inequality associated to different products ) (see also Figure 5 ). A combination of different feasibility and desirability allows for the simulation and discussion of different diversification strategies, considering also the respective preferences of the respective society, policy-and decisionmakers. Previous research on the diversification opportunities of Paraguay has used the distance in the products space in combination with expert interview (González et al., 2018) .
Here we present a data-driven empirical analysis framework that can be replicated to other countries and also considers feasibility criteria, such as density and the level of RCA, as well as desirability indicators, such as the expected export size when achieving an RCA or the inequality associated to productive portfolios.
Data and Methods
We use data on world trade, economic complexity, and income inequality to compare the structural constraints of LAC and HPAE. Data on GDP per capita at current PPPs (in mil.
2011US$) comes from the Penn World Tables V9.0 (Feenstra et al., 2015) . Data on income inequality comes from the Galbraith et al., 2014 (GINI EHII dataset information on the diversity and ubiquity of the products a country's exports (Hidalgo and Hausmann 2009 ). The intuition behind ECI is that sophisticated economies are diverse and export products produced by few other economies. ECI can be interpreted as a measure of a country's productive capabilities that are embodied in its institutions and people. Further information about the calculation of ECI can be found in Hidalgo and Hausmann (2009) .
Additionally, we follow the classification of Lall (2000) to identify primary goods and resource-based manufactures (see also Table A1 in the appendix).In order to reveal the structural transformation processes of countries, we make use of the product space, which is a network that estimates the relatedness between products traded in the global economy (Hidalgo et al., 2007; Hausmann et al., 2014) . For this purpose, we first measure the revealed comparative advantages of countries (Balassa, 1965) , then the co-location of products in countries as a measure of the relatedness between products (Hidalgo et al., 2007) and finally calculate the density of products with revealed comparative advantages (Hidalgo et al., 2007; Pinheiro et al., 2018) in the vicinity of a particular product in Paraguay's product space.
The Revealed Comparative Advantages (RCA) allow us to link countries to their significant exports (the products they export more than what we expect based on a country's total exports and a product's global market). Formally we compute the RCA as a matrix that is defined as
where is a matrix summarizing the exports of country c in product p. The Product Space estimates the proximity between pairs of products by looking at the probability they are coexported. Formally, the proximity between products p and p' ( ′ ) is the minimum of the conditional probability that a country has a Revealed Comparative Advantage (RCA) in both products:
where is equal to one when country c has R cp > 1 over product p, and 0 otherwise.
We then use this proximity to estimate the relatedness between the products that a country exports and each of the products it does not export. The resulting quantity is commonly referred to as the density, , of product p in country c and is computed as
Higher density products are products that are more related/similar to the export capacities of a country, whereas lower density products correspond to unrelated/farther away products.
Moreover, we make use of the Product Gini Index Hartmann et al., 2019) to reveal the relationship between a country's mix of products and its structural constraints on inequality reduction , PRODYs to capture the association between products and income (Rodrik, 2006; Hausmann et al., 2006) and PCIs to measure the complexity of products (Hidalgo & Hausmann, 2009; Hausmann et al., 2014) . These measures are inspired by Lall's work on the sophistication of exports (e.g. Lall, 2000; Lall et al., 2006) and are all calculated in a similar manner.
For instance, the Product Gini Index (PGI) is a measure that relates each product to its typical level of income inequality. Formally, the PGI is defined as the average level of income inequality of a product's exporters, weighted by the importance of each product in a country's export basket. Formally, we define the PGI (Product Gini Index) for a product p as:
where Ginic is the Gini coefficient of country c, Mcp is 1 if country c exports product p with revealed comparative advantage and 0 otherwise, scp is the share of country c's exports represented by product p. Np is a normalizing factor that ensures PGIs are the weighted average of the Ginis. Np and scp are calculated as:
where Xcp is the total export of product p by country c.
Finally, to simulate the effect of different diversification strategies on income inequality, income, and complexity, we calculate the simple average of the Product Ginis (PGI), Product Income (Prody) and Product Complexity (PCI) of the current and the potential future export portfolio. Prodys associate products to the typical level of income in the exporter countries.
The average Prodys of a countries allow for the estimation of the Expy, an indicator that estimates the income associated with the export portfolio of a country (Hausmann et al., 2006) .
PCIs estimate the complexity, and thus difficulty, to achieve revealed comparative advantages in products; the average of the PCI values provide the Economic Complexity Index (Hidalgo and Hausmann, 2009; Hausmann et al., 2014) .
Results
In this section, we analyze the structural economic transformation from the 1970s to 2014, benchmark the evolution of ECI, EXPY and XGINI of Paraguay, and identify different opportunities and strategies for future economic diversification and inclusive growth in Paraguay.
The structural economic transformation of Paraguay since the 1970s
In the introduction, we highlighted the strong dependency of Paraguay's export on agro-based products. Here, we analyze the structural transformation in the last decades.
Paraguay's productive structure has undergone a slight diversification since 1970 (see Paraguay continues to primarily export simple products and import complex products. 
The evolution of Paraguay's ECI, EXPY, XGINI
In 2014, Paraguay only occupied the 89 th position among 193 countries in the economic complexity ranking (See Figure 4) . Paraguay exported or re-exported 590 out of 763 SITC products (=77%), yet it had only 66 product categories with revealed comparative advantages (RCAs) (=8%). Among Paraguay's top ten export products in terms of the total values were electricity and agricultural products (such as soybeans and bovine meat). Among the top ten imports featured cars, trucks, and TVs (see Figure 1 ). The products in which Paraguay had the highest level of reveal comparative advantages in 2014 were electric current, soybeans, and fuel wood.
Partly due to the concentration of Paraguay's productive structure on simple and resourceexploiting products, Paraguay has a very low-ranking position in terms GDP per capita, ECI, exports, Gini and XGINI. In 2014, the average complexity of the products (=ECI) which
Paraguay exports was -0.98, the level of income of countries exporting these products (=EXPY)
was -1.04, and the level of inequality of countries exporting these products (XGINI) was 41.74.
Only a few products exported by Paraguay tend to be produced by countries with low to intermediate levels of inequality. Moreover, Paraguay's comparative advantages are quite distant from the parts of the product space, where more complex and inclusive products are located.
Only with respect to its EXPY (estimating the average income associated with an export basket)
Paraguay had a middle-ranking position in comparison to all countries in our dataset between 1970 and 2014. While its GDP grew at the end of the 1970s, Paraguay moved towards products that are associated with higher levels of income inequality (XGINIs) and lower levels of complexity (ECI) and income (EXPY). Arguably, the bonanza of ITAIPU caused a relative deterioration in terms of Paraguay's focus on complex and inclusive products. From 1993-1998, the EXPY value, and thus the production of products related to higher incomes rebounded, yet, the average inequality values related to Paraguay's product basket remained very high and the average complexity low (compared to all other countries in the dataset). 
Comparison with economies that are spatially close or have a similar population size
When comparing Paraguay's productive structure with countries that are spatially close, such as Argentina, Brazil or Uruguay, it is noteworthy to identify that Paraguay might suffer from regional constraints in the development of its productive structure, yet could also learn from its neighbors (See Figure A1 in the appendix). All of these countries exhibit a similar productive structure, with Argentina and Brazil having additional RCAs in manufactured and chemical products, such as harvesting machinery, medicine or fertilizers. It is noteworthy that these latter products also form part of Paraguay's diversification opportunities. (see also section 4.2 and 4.3). Moreover, we can observe that a country's population size alone or being landlocked are not good indicators for economic diversification and complexity (See Table A2 in the appendix). There are major differences between less complex economies such Paraguay and Nicaragua, and more complex economies such as Slovenia, Bulgaria or Hong Kong. Regarding the latter, we can observe that these countries have been able to develop strong presence in particular areas of the product space (i.e. Bulgaria in garments and Hong Kong in electronics).
Finally, Paraguay not only has a low number of products with Reveal Comparative Advantages
≥ 1, but also has a very low number of potentially new products for which it has a high density of related products with RCAs ≥ 1 (see Table A3 in the appendix). Yet, as the following sections shows, if we slightly relax the density threshold and/or introduce the existences of intermediate RCAs, further options can be considered.
The economic diversification opportunities of Paraguay
Next, we identify which new products are feasible and desirable in the case of Paraguay.
To that end, we consider two feasibility criteria for the development of comparative advantages of new products: (1) the density of products with an RCAs ≥1 and (2) the existence of nascent or intermediate RCAs. The ability to jump to a new product decreases as the distance increases in the product space. The more unrelated is a product, the less likely is it for a country to develop it (Hidalgo et al., 2007) . Therefore, a minimum feasibility level sets the baseline scenario of options that Paraguay is likely to achieve, based on its current productive portfolio.
Nonetheless, within the range of feasible options, there may also be products that are more or less desirable to achieve different socioeconomic goals. We calculate five different desirability criteria for the product options, consisting in (1) the (minimum) additional exports of a product in order for Paraguay to achieve RCA higher or equal to 1 in that product; (2) the product's expected income (PRODY); (3) the product's complexity (PCI); (4) a binary variable if the respective product are primary or agro-based goods or a more technology intensive product;
and (5) the income equality related to the product (PGI). Information about the calculation of the PGI, PCI, and PRODYs can be found in the methods section. For the association between the relatedness and the PRODY, PCI, PRODY and RCA see Figure A2 in the appendix.
These calculations allow us to reveal a scoreboard of economic diversification opportunities, considering both feasibility constraints imposed by the current productive capabilities, as well as desirability criteria emphasizing different socioeconomic variables (see Figure 5 ). The desirability fields of the scoreboard of economic diversification are colored in black or white depending on whether products fulfill the respective minimum desirability values. The respective threshold values of the desirability criteria in Figure 5 are defined as follows: (1) the expected export value in the case of achieving an RCA above 1 is higher than 1 million USD, in order to focus on products that have a minimum direct impact on the income creation of the country; (2) a PRODY above 16200 USD, which is double the current GDP value; thus in line with the Lin and Monga (2011) proposition of entering products that are typically produced in countries with a GDP level that is 100% higher; (3) the product is not a primary or agro-based product, in order to identify more technology intensive products, in line with Lall (2000) ; (4) a positive product complexity value, in line with the idea of Hidalgo and Hausmann (2009) that countries should focus on complex products; and finally (5) a PGI value below 0.405 to consider products that are related to products which are typically produced by countries that have a significantly lower level of income inequality than Paraguay. This way we can consider 2 feasibility and 5 desirability criteria to simulate and discuss different diversification strategies, highlighting either one or more of these criteria.
Figure 5
The scoreboard of Paraguay's export diversification constraints and opportunities. The scoreboards visualizes the feasibility and desirability of 87 product options for which Paraguay has RCAs greater than 0.1 and lower than 1. Each row depicts a product, each column indicates a feasibility and desirability criteria.
It must be noted that it is beyond the scope of this paper to discuss the benefits of concentrating effort on few sectors (with a very high feasibility and desirability) or spreading the effort and money to larger number of sectors. Moreover, each society and economy may provide different weighting to the desirability criteria. Regardless, we suggest that establishing minimum standards regarding both feasibility and desirability criteria may help the democratic process of deciding a country's industrial policies. The exclusion of product options that do not reach a minimum feasibility level or do not reach minimum desirability levels can significantly reduce the number of product options that the industrial policies needs to evaluate. Industries that are very far away from the current productive capabilities, or industries with little benefit for income creation but high levels of income inequality arguably should not be priorities for the industrial policies of countries. Thus, establishing minimum standards may help to identify feasible, desirable, and politically viable economic diversification strategies.
Benchmarking different economic diversification strategies
The scoreboard of economic diversification opportunities allows us to identify the feasibility and desirability of product options and to develop different diversification strategies.
In this article, we discuss the following four (out of many) possible diversification strategies: S1. Focus on relatedness, and thus natural advantages, alone S2. Promote products with intermediate RCAs
S3. Diversification into related higher income products

S4. Diversification into more complex and inclusive products
The strategies S1 and S2 only focus on feasibility criteria, while the strategies S3 and S4 also include desirability criteria. The following table summarizes the criteria and thresholds we used to identify the top twenty products of each strategy.
S1 S2 S3 S4
Exports We do not analyze strategies that only focus on desirability criteria, because these strategies are not very likely to be successful. Indeed, the economic complexity and relatedness literature has shown that countries typically cannot randomly jump into the economic activities they desire, but tend to follow path-dependent transformation processes (Hidalgo et al., 2007) .
Therefore, we suggest here that choosing the most desirable of the feasible options may be the smartest strategy for countries to pursuit.
Focus on relatedness and natural advantages alone
We start with a strategy that only focuses on relatedness. The top twenty most feasible options for Paraguay, in terms of relatedness, are a varied set of simple agricultural products (see Table 3 ). For a developing country like Paraguay, which aims at improving their productive structure and promoting inclusive growth, it is arguably not the best strategy to only focus on feasibility.
Paraguay would then further focus on the export of some of the least complex and most ubiquitous products in the world, such as fruits, legumes, or nuts, and its productive structure would further move to the periphery of the product space (See also Figure 6 ).
If the economic agents of a country, comprised of companies, government, science and the civil society, put their efforts only in the easiest possible options, then that country runs the risk of staying or moving into a development trap where it becomes even harder to move into industries that allow for that country to generate and distribute more income. Paraguay would also move further into a development trap from which it is difficult to shift the economy towards more complex and inclusive type of products (see Figure 7) . Thus, focusing on feasibility alone, is arguably the easiest, though probably the worst diversification strategy.
A glimpse on the product space of Paraguay indicates that the workforce and companies of Paraguay have indeed mastered and specialized in several more complex, inclusive and income generating products than the most feasible options outlined in this strategy. Thus, in the next strategy we focus on the products in which Paraguay already has intermediate levels of RCA.
Upgrading intermediate capabilities
The second strategy would move Paraguay's productive competences into products in which it already possesses intermediate RCA levels (see also Figure 6 ). Being able to produce and sell significant quantities of a product and thus achieving an intermediate RCA demonstrates the factual feasibility of this product in the respective country. A country may decide to further promote its existing, but still underperforming, products to achieve international competitiveness and reputation in these products. It must be noted that several, but not all, of the best products in this strategy have higher levels of income (i.e. PRODYS) associated with these products in comparison with the products of the first strategy. Therefore, this strategy of further upgrading intermediate capabilities is
arguably a better strategy than only focusing on the most related options. Yet, not all of these feasible products in which Paraguay may have the ability to gain revealed comparative advantages (RCA >= 1) are necessarily the most desirable options in terms of the income, complexity and inequality related to these options. For this purpose, we combine in the next two strategies feasibility with desirability considerations.
Diversification into related higher-income products
The third strategy aims to focus on the diversification into feasible products that offer a high expected level on income associated with the respective new products. Thus, this strategy searches for a trade-off between feasibility and desirability in term of income. For this purpose, we identify the top twenty products which have a minimum level of feasibility (0.05 < RCA < 1, and Relatedness > 0.05) and a high level of income associated with them (Prody > 29725) (see Table 5 ). This strategy is in line with work emphasizing the income related to products (e.g. Rodrik, 2006; Hausmann et al., 2006; Lin & Monga, 2011) . This strategy does not yet deliberately consider the likely effect on income inequality and complexity of the economy. It must be noted that many, but not all, of the high-income products are also complex and inclusive. Some highincome products (such as petroleum) can even lead to a development trap and hamper efforts to build up knowledge in more complex parts of the product space.
Diversification into complex and inclusive products
The fourth strategy aims to strategically move beyond primary and resource-based manufactures towards more complex and inclusive products. For this purpose, we identify products that achieve a minimum standard in all feasibility (Relatedness > 0.05 and 0.05 <= RCA < 1) and desirability criteria. For this most progressive strategy we do not consider primary products or agro-based manufactures (see Table S1 in the appendix). Moreover, we only consider products with a certain minimum standard with respect to complexity (PCI > 0), inequality (PGI < 0.405), income (Prody > 16200), and the export size of this product (1 million USD). This strategy reveals that Paraguay has opportunities for economic diversification in a set of chemical products (such as medicaments and vaccines) as well as in the production of manufactures and machinery related to agricultural and textile industries (such as harvesting machines) (see Table 6 ).
id Description Relatedness RCA Exports Table 6 . Products with minimum standards in all categories, and excluding primary and agro-based manufactures This is arguably both the most risky and progressive strategy. It would push the product space of Paraguay into the more complex and inclusive parts of the product space (See Figure 6 ).
Yet, it also implies the need to have more skilled labor, promote the establishment of knowledge-based companies in Paraguay, and establish a learning society in which industry, government, science and the civil society interact and learn from each other. Nonetheless, the identified industries are within the possibility space of Paraguay. In-depth case studies in these industries are necessary to identify which training and education programs, additional infrastructures and FDI attraction programs may be appropriate to move into or upgrade the presence in these industries. As a caveat, it must also be noted that deliberate emphasis on linking less educated and poor segments of the society to these potential new growth sectors may also be necessary, to prevent further increases of structural heterogeneity within the society.
Estimating the development directions and effects of the four diversification strategies
Here we assess the implications of each of the strategies by, firstly, looking at how the product space of Paraguay would change and, secondly, by evaluating how this change would impact the average Prody, PGI and PCI of the new product basket of Paraguay. For the sake of simplicity, we assume that Paraguay is able to achieve Relative Comparative Advantages (RCAs) in the identified products of each respective strategy. Moreover, we estimate the impact that developing such products would have in the EXPY, XGINI, and ECI (see Hausmann et al., 2006; Hausmann, 2009 ) by doing a simple average of the PRODY, PGI and PCI of the productive structure of Paraguay after developing such products 5 . Figure 6 . How a successful implementation of the strategies S1-4 might change Paraguay's productive structure respectively. Source: atlas.media.mit.edu and own calculations Strategy 1 would further push the productive structure of Paraguay into the periphery of the product space, in this case towards simple agricultural products (in the top right quadrant of the product space, see Figure 6 ). This is the worst strategy as it would decrease the average income (Prody) and complexity (PCI), and increase the inequality (PGI) of the products that Paraguay produces (See Figure 7) .
Strategy 2 would only slightly change the current productive structure of Paraguay, the average income associated with Paraguay's products would slightly increase, the average complexity would stagnate, and the inequality associated with the products would stagnate or very slightly increase (see Figure 6 and Figure 7) .
Strategy 3 would increase the expect income associated with Paraguay's products, the average inequality would stagnate or very slightly decrease, the average complexity would decrease, but also new areas of the product space would be reached which can have positive effects on the long-run diversification and sophistication of Paraguay's economy (see Figure 6 and Figure   7 ).
Strategy 4 would significantly increase the level of income, complexity and equality associated with the product portfolio of Paraguay. Moreover, it would bring Paraguay further towards more complex and inclusive sectors (see Figure 6 and Figure 7 ). This would be the most beneficial, but arguably also difficult strategy. Figure 7 . How a successful implementation of the strategies S1-4 would change the average PRODY, PGI and PCI of Paraguay
Discussion
In this article, we developed an analytical framework to identify smart strategies for economic diversification and inclusive growth, and applied this framework to the case of Paraguay. This framework is a significant advance, because it helps to reveal each country's feasible opportunities to diversify its productive structures, while also considering the weight that each country puts on different socioeconomic goals. In consequence, it may help to facilitate a democratic debate about the minimum standards that each country assigns to different socioeconomic goals (Sen, 1999) . At same time our analysis not omit the structural constraints imposed by the productive structure and capabilities of each country. Additionally, the analytical framework helps to estimate the likely development directions and effects of different diversification strategies.
We discussed four (out of many) possible diversification strategies for the case of Paraguay:
the first strategy focuses only on the diversification into the most related products. The second strategy focuses on products that have already intermediate RCAs. The third strategy focuses on related products that are associated with high levels of income of the countries exporting them. Finally, the fourth strategy establishes minimum standards regarding all feasibility and desirability criteria, including income, complexity, technology and equality. The worst strategy in terms of the expected level of income, complexity and equality would be solely focusing on feasibility criteria. This strategy would move Paraguay's productive structure further towards simple agricultural products and thus parts of the product space from which it very difficult to move into more complex and high-value added products. Arguably the best strategy, would be promoting the economic diversification towards several manufacturing products (like harvesting machines) and chemical products (like cosmetics and medicaments). This strategy, if successfully implemented, could help to improve the average level of expected income, complexity and equality.
However, several limitations of our study need to be taken into account. Firstly, the productive structure is a significant factor, but it is not the only factor explaining income, complexity and income inequality Hartmann et al., 2017) . Other important factors such as institutions, demand structures, geography, technological change, and innovation capabilities need to be taken into account and studied in more detail (Sachs, 2005; Collier, 2007; Acemoglu & Robinson, 2012; Bezerra, 2013; Romero & Britto, 2016; Romero & McCombie, 2016 , Brynjollfson & McAfee, 2012 Frey & Osborne, 2017) .
Secondly, the analysis in this article is based on export data which is a decent, yet imperfect, proxy for the productive structure and capabilities of a country. Services or the large informal economy of Paraguay are not included in our analysis. Moreover, we use export data according to the Standard Industrial Trade Classification (SITC) which allows for the analysis of a relatively long periods of time, yet the results could be triangulated with BACI dataset that considers customs and tariffs issues (Gaulier, G., & Zignago, S., 2010) .
Thirdly, potential negative effects of industries, such as negative environmental or employment effects, need to be carefully evaluated and may require additional institutional consideration and appropriate regulations. For this purpose, qualitative methods such as expert interviews, multi-criteria mapping or scenario building could complement the results of quantitative analysis presented here (González et al., 2018; Coburn & Stirling, 2017) .
From a policy perspective, our analysis provides valuable information about which precise export products may be feasible and desirable for Paraguay. This is an important step forward from the understanding that economic diversification may be useful towards effective policy
measures. Yet to successfully venture into the identified industries, a smart combination of industrial, innovation and social policies and interactive learning between different segments of the society is necessary. For instance, cluster policies and the establishment of technology parks can help to promote the interactive learning between science and industry. It is important to note, though, is that mere emphasis on picking winners may lead to further structural heterogeneity and inequality within developing countries. Thus, deliberate emphasis on creating linkages between new industries, cluster and the local economy is necessary.
Moreover, research on innovation systems in developing countries has shown that in unequal and economically less advanced countries, a simultaneous policy emphasis on human development and innovation may be necessary to establish prolific systems of competence building and innovation, and successfully venture into new industries (Johnson et al., 2004; Lundvall et al., 2011; Hartmann, 2014) . Moreover, the cases of high performing East-Asian economies have shown that successful technological upgrading and economic sophistication may require a smart combination of industrial and social policies (Stiglitz, 1996; Ranis et al., 2000; Amsden, 2010; Hartmann, 2014; . This includes a smart mix of policy incentives in new industries as well as investing in the education of the required skills and research in these industries.
Finally, in regions with very little previous knowledge in more advanced industries, new sources of knowledge and unrelated variety growth may be necessary to start recombinant growth process and overcome a potential economic development trap. In this regard, a smart strategy of promoting back-and forth knowledge migration, commuting entrepreneurs and international innovation network with regions and countries that have technological capabilities in the feasible and desirable industries (Hartmann & Buchmann, 2016; Pyka et al, 2016; Bahar & Rapoport, 2016) . Thereby, deliberate incentives for commuting entrepreneurs to create knowledge based linkages or even multinational companies between their home and host region may help to reduce the negative effects of brain drain. All these measures together may help to establish prolific innovations system and facilitate the economic diversification and sophistication of the country.
Despite all limitations and necessary additional steps, our analytical framework provides relevant information on the structural constraints and opportunities for smart and inclusive diversification of economies. Revealing structural opportunities for smart and inclusive growth is especially relevant for economies whose productive structure is strongly dependent on primary goods and resource-based manufactures, as it is in the case of Paraguay. Our results indicate that despite the fact that Paraguay is strongly dependent on primary and agro-based products, it also has significant opportunities to diversify into more complex, inclusive, and high-income products. This includes chemical products (such as medicaments, glycosides and vaccines) and manufacturing products related to agricultural activities (such as machines for harvesting or food-processing).
Finally, our analytical framework implies that instead of maximizing single goals, establishing minimum standards regarding both different feasibility and desirability criteria of new products may be a smart strategy to identify prolific diversification opportunities and to promote inclusive growth. Table A1 . Primary Goods and Resource Based Manufactures according to Lall (2000) and Bahar and Santos (2015) , we added gold 9710 as primary good Table A3 ). Moreover, it has a very low number of products (6) for which it has already a dense network of related products with RCAs (i.e. with a density greater than 0.12). Table A3 . Total exports, number of RCAs, and number of products with a density greater than 0.12 of Paraguay and comparator countries. Figure A1 . The product space of spatially close countries and countries with a similar population size. Source: atlas.media.mit.edu
Paraguay's productive portfolio in comparison with neighboring countries and countries with a similar population size
Country
The association between density and PCI, PGI, PRODY and RCA Figure A3 illustrates the association between the relatedness (i.e. the proxy for productive capabilities to produce these products in competitive manner) and a) the Product Complexity, b) Product Gini Index, c) Prody and d) current revealed comparative advantage of Paraguay in this product. This provides us with a large set of different options into which Paraguay could diversify in the future. 
